Abstract Quality of life is frequently impaired among survivors of critical illness, and psychiatric morbidity is an important element contributing to poor quality of life in these patients. Among potential manifestations of psychiatric morbidity following critical illness, symptoms of posttraumatic stress are prevalent and intricately linked to the significant stressors present in the intensive care unit (ICU). As our understanding of the epidemiology of post-ICU posttraumatic stress disorder improves, so must our ability to identify those at highest risk for symptoms in the period of time following critical illness and our ability to implement strategies to prevent symptom development. In addition, a focus on strategies to address clinically apparent psychiatric morbidity will be essential. Much remains to be understood about the identification, prevention, and management of this significant public health problem. This article addresses the importance of uniformity in future epidemiologic studies, proposes framing of risk factors into those likely to be modifiable versus non-modifiable, and provides an assessment of modifiable risk factors in the context of a novel conceptual model that offers insight into potential strategies to attenuate symptoms of posttraumatic stress among survivors of critical illness.
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Introduction
Quality of life is significantly impaired among survivors of critical illness [1] [2] [3] [4] [5] . Physical disability, psychiatric morbidity, and poor perceptions of overall health are common, and the varied nature of these impairments reflects the sweeping impact of the intensive care unit (ICU) experience. In recent years, considerable effort has been exerted to elucidate the epidemiology of psychiatric symptoms among ICU survivors, demonstrating evidence of substantial symptoms of depression, anxiety, and posttraumatic stress disorder (PTSD) [6] [7] [8] [9] . Although symptoms of posttraumatic stress may be accompanied by symptoms of depression and anxiety in individual patients, the unique features of these disorders emphasize the importance of understanding not only how they might interrelate for survivors of critical illness, but also how these disorders differ. Patients may manifest these different symptoms simultaneously, but prominence of posttraumatic stress symptoms such as hypervigilance, hyperarousal, or avoidant behaviors may inform the need for referral for PTSD-specific treatments such as trauma-focused cognitive behavioral therapy. Furthermore, it is possible that manifestations of post-ICU psychiatric morbidity differ by specific patient-level or ICU-level risk factors, including etiology of critical illness (e.g., trauma) and sedation use in the ICU.
In this article, we focus on PTSD given its prevalence and important relationship to critical illness. PTSD is characterized by having experienced a life-threatening (or perceived to be life-threatening) traumatic event and subsequently experiencing intrusive recollections of the event (e.g., intrusive thoughts or memories, nightmares), symptoms of hyperarousal (e.g., easy startling, hypervigilance), and avoidant behavior related to the traumatic event (e.g., avoiding thoughts, places, or situations that serve as reminders of the traumatic event). For many patients, critical illness represents a traumatic event that is a significant threat to life and is associated with a variety of stressors commonly present in the ICU environment, including endotracheal intubation and suctioning of the airway, invasive procedures for vascular access, periods of delirium, physical restraints, and significant impairment in mobility and the ability to communicate.
Several recent systematic reviews have described the prevalence of post-ICU PTSD and potential risk factors related to posttraumatic stress among survivors of critical illness. However, these reviews do not directly address the identification of post-traumatic stress symptoms following critical illness, nor do they use existing data to develop a conceptual model for prevention, identification, and management of symptoms of posttraumatic stress among ICU survivors. The practical application of knowledge gained from epidemiologic studies, as well as studies of measures to prevent and treat symptoms of posttraumatic stress, is an important next step. This article addresses the importance of uniformity in future epidemiologic studies, proposes framing of risk factors into those deemed to be modifiable versus non-modifiable, and provides an assessment of modifiable risk factors in the context of studies that offer insight into potential strategies to attenuate symptoms of posttraumatic stress among survivors of critical illness. In doing so, we hope to promote a conceptual model that will assist clinicians caring for critically ill patients and advance the conversation surrounding this significant public health problem.
Addressing the prevalence of PTSD and symptoms of PTSD among ICU survivors
In the past decade, five systematic reviews have addressed the prevalence of PTSD among ICU survivors [6, [10] [11] [12] [13] (Table 1) . Similar methodological concerns have been identified by each of these reviews, including variation in the timing of symptom evaluation as well as variation in the methods (e.g., self-report questionnaires versus diagnostic interviews) used to assess PTSD symptoms. Among standardized interviews, the structured clinical interview for DSM-IV (SCID) and clinician-administered PTSD scale (CAPS) are frequently utilized for the diagnosis of PTSD. Commonly used questionnaires allowing assessment of symptoms of posttraumatic stress include the PTSD checklist-civilian version (PCL), the impact of events scale-revised (IES-R), and the posttraumatic symptom scale-10 (PTSS-10). The PCL has been validated among trauma-exposed populations and used in several assessments of post-ICU PTSD [14, 15] , and the IES-R and PTSS-10 have been validated in survivors of critical illness [16, 17] .
Though questionnaires and interviews are often used in combination to evaluate symptoms of PTSD, many studies rely on one method of assessment and prevalence estimates vary depending on the measurement tool used. Jackson et al. [10] reviewed 16 studies, ten of which used brief screening tools as their sole measure of PTSD symptoms while the remaining six studies utilized both questionnaires and structured interviews. The studies assessing posttraumatic symptoms via questionnaire alone reported a prevalence of symptoms ranging from 5 to 51 % while those using a combination of questions and structured interviews reported a prevalence of PTSD between 10 and 44 %. The review by Griffiths et al. [11] evaluated 30 studies: two used structured interviews alone, 19 used questionnaires alone, and the remaining nine used a combination of both. The reported prevalence of posttraumatic stress symptoms was 5-64 % when assessments were performed with questionnaires, and the prevalence of PTSD was 0-64 % when standardized interviews were employed. A systematic review of psychiatric morbidity among survivors of acute respiratory distress syndrome (ARDS) by Davydow et al. [6] assessed six observational studies with measures of posttraumatic stress symptoms. Of these, half used only questionnaires while the remaining half used a combination of questionnaires and structured interviews. Prevalence of psychiatrist-diagnosed PTSD declined from 44 % at the time of hospital discharge to 25 and 24 % at 5-and 8-year follow-up, respectively. Studies using questionnaire assessments reported a prevalence of clinically important posttraumatic symptoms ranging from 21 to 35 %. A systematic review by Davydow et al. [12] evaluating PTSD in general ICU survivors included 15 studies, identifying three that used structured interviews and 12 that only used self-report questionnaires. The prevalence of clinicianascertained post-ICU PTSD was 10-39 %, and the prevalence of questionnaire-ascertained PTSD symptoms was 8-51 %. The most recent systematic review conducted by Wade et al. [13] included 26 papers with only two reported as having used some form of structured interview. Those using structured interviews identified prevalence estimates of 10-19 %; prevalence of PTSD symptoms gathered from questionnaires ranged from 0 to 75 %.
The difficulty inherent in comparing estimates across studies using varying methods of assessment for symptoms of posttraumatic stress should encourage efforts to pursue uniformity in symptom evaluation for future studies. Of the available questionnaires, consistent utilization of those that have been validated for assessment of posttraumatic stress symptoms (i.e., PCL, IES-R, and PTSS-10) may improve the ability to compare estimates of PTSD prevalence. Furthermore, care should be taken in the language used to describe findings based upon questionnaire-based assessments. Though symptoms of PTSD can be readily assessed, the diagnosis of PTSD cannot be made via questionnaire alone. Finally, problems obtaining adequate follow-up among survivors of critical illness may impact prevalence estimates. Among the noncross-sectional studies assessed in the systematic review by Wade et al., reported follow-up rates (proportion of those enrolled who completed PTSD follow-up) ranged from 24 to 88 % of enrolled patients [13] . Loss to follow- up is a concern in assessing the prevalence of any phenomenon, but may be particularly problematic in assessing PTSD since avoidant behavior, a key characteristic of PTSD, might cause some ICU survivors to avoid participating in long-term follow-up. Thus, many of the cited studies may underestimate the true prevalence of PTSD.
Estimates from the national comorbidity survey replication (NCS-R), a longitudinal investigation of the prevalence of various psychiatric disorders among the general US population, suggest a lifetime prevalence of PTSD among American adults of 6.8 % [18] . In comparison, estimates of post-ICU PTSD fall within the range of PTSD prevalence seen after the occurrence of natural disasters [19] . Furthermore, studies focused on longitudinal assessments of posttraumatic stress among ICU survivors provide evidence of symptom persistence over time. A recent single-center study utilizing the PCL to assess post-ICU PTSD symptoms among medical-surgical patients found a prevalence of 16 % at 3 months post-ICU and 15 % at 12 months post-ICU [15] . A multicenter study evaluating patients following mechanical ventilation for acute lung injury used the IES-R and demonstrated a point prevalence of PTSD symptoms of 23 % at 12-month follow-up and 24 % at 24-month follow-up [20] . There is substantial evidence to suggest that post-ICU PTSD is common, and even more concerning is the evidence that the impact of critical illness on mental health may last for years.
Creation of a conceptual model addressing PTSD among ICU survivors
To begin to address the burden of psychiatric morbidity among survivors of critical illness, clinicians must be able to recognize symptoms characteristic of PTSD (Table 2 ). In addition, they must be able to identify patients at high risk of posttraumatic stress in the post-ICU period. Numerous factors have been associated with increased risk of PTSD following critical illness. While some risk factors are not modifiable during an episode of critical illness, they remain important as potential indicators of those at high risk for post-ICU PTSD. Identification of these individuals should begin at the time of ICU admission, taking into consideration factors that arrive with the patient. Other risk factors arise during a patient's ICU stay. These factors differ in that they may serve as targets for intervention both during and after critical illness. Thus, in a conceptual model of post-ICU PTSD it is important to differentiate between non-modifiable and modifiable risk factors in order to encourage early recognition of those at high risk (for non-modifiable factors) and allow efforts to address intra-ICU events that may accentuate or attenuate the risk of subsequent symptoms of posttraumatic stress (for modifiable factors). Importantly, an understanding of risk factors facilitates potential strategies that may attenuate the risk of symptom development (Fig. 1) .
Non-modifiable risk factors associated with post-ICU PTSD Evidence of psychological distress or mental illness in the time period prior to ICU admission has been strongly associated with increased risk of PTSD after survival of critical illness [20] [21] [22] [23] [24] , and this important risk factor should be noted by clinicians in order to identify survivors of critical illness who are at highest risk for adverse outcomes. For example, a recent longitudinal evaluation of PTSD symptoms after acute lung injury (ALI) identified a significant and independent association between pre-ALI depressive illness and post-ALI PTSD (hazards odds ratio 1.96, 95 % CI 1.06-3.64, P = 0.03) [20] . Survivors of traumatic injury also represent a unique patient population with a high risk of post-ICU psychological distress [25, 26] . Among other non-modifiable, patient-specific variables, both younger age and female sex have been suggested as potential risk factors for symptoms of posttraumatic stress, but with inconsistent results across studies [13] . Theoretical considerations would suggest severity of illness as an important potential precipitant of future mental health disorders, but it has not been found to be predictive of post-ICU PTSD [12, 13] . Exploration of the role of genetic factors in the occurrence of post-ICU PTSD has provided interesting insights into non-modifiable factors that inform the potential pathogenesis of PTSD among survivors of critical illness. An investigation of post-cardiac surgery patients requiring ICU treatment demonstrated increased symptoms of PTSD among individuals homozygous for a singlenucleotide polymorphism of the glucocorticoid receptor gene [27] . Another recent study of medical-surgical ICU patients revealed an association between homozygosity for a single-nucleotide polymorphism of the corticotrophin-releasing hormone binding protein and decreased post-ICU PTSD symptoms [28] . Although genetic polymorphisms are not modifiable, they may offer future targets to assist in identification of those at highest risk.
Modifiable risk factors and potential strategies to attenuate post-ICU PTSD For many patients, extreme agitation is a significant component of the ICU experience and higher levels of agitation in the ICU have been identified as a predictor of PTSD-related symptoms [29] . Agitation can negatively affect both patient and staff safety, and attempts to minimize patient self-harm often rely on the use of physical restraints. The use of physical restraints has also been associated with greater risk of PTSD; however, the correlation between physical restraint and agitation makes this association complex [30] .
In addition to the utilization of physical restraints, medications are frequently administered to critically ill patients in order to control agitation and treat anxiety and discomfort. Much attention has been focused on the types of medications provided to ICU patients and the duration of medication use as they relate to risk of post-ICU PTSD. Particular interest has been placed on the role of benzodiazepines given the evidence of an association between these medications and the development of ICU delirium [31] and concerns about a potential relationship between ICU delirium and psychological morbidity [23] . Both receipt of midazolam [29] and total dose of lorazepam Fig. 1 A conceptual model for post-ICU PTSD: identification, prevention, and diagnosis and treatment. ICU intensive care unit, PTSD posttraumatic stress disorder, PTSS posttraumatic stress symptoms, CBT cognitive behavioral therapy [32] administered in the ICU have been found to be associated with greater risk of post-ICU PTSD. Opiates are also commonly prescribed in the ICU, and higher doses of opiates have been associated with an increased risk of PTSD symptoms [20] . However, associations between these specific medications and psychological distress among survivors of critical illness have not been uniformly apparent in investigations of post-ICU PTSD [12, 13] , likely reflecting the difficulty in estimating the effects of medications that are often provided in the context of agitation and anxiety. To further complicate this relationship, preexisting psychological issues, a well-established risk factor for post-ICU PTSD, have been associated with receipt of sedative medications in the ICU [30] . The connection between medication administration and ICU delirium might suggest that minimization of sedation could reduce the occurrence of ICU delirium and potentially influence symptoms of posttraumatic stress. If minimization of sedation allows more days of wakefulness in the absence of delirium [33] , judicious administration of sedatives may also be able to attenuate symptoms of posttraumatic stress. A study of long-term psychological outcomes offers some insight into a possible impact of this strategy on the risk of post-ICU PTSD [34] . Investigators compared mechanically ventilated patients receiving daily, protocol-driven sedation interruptions [35] to patients receiving sedation interruption at the discretion of their medical team. Assessment of psychological function occurred at a minimum of 6 months after hospital discharge. Patients in the intervention arm demonstrated a significant reduction in PTSD symptoms compared to those in the control arm (total IES-R 11.2 ± 14.9 in the intervention group versus 27.3 ± 19.2 in the control group; difference, 16.1; P = 0.02). Clinical interviews were also performed and only individuals in the control group received a diagnosis of PTSD based upon DSM-IV criteria (n = 6 of 19 versus 0 of 13 in intervention arm; P = 0.06). Although comparison of PTSD diagnosis between groups did not reach statistical significance, these results were based upon a small sample size [34] . The impact of sedation interruption or minimizing sedation on post-ICU PTSD risk remains unclear, but potential benefits of minimizing sedation seem to outweigh the potential harms [36] [37] [38] . The possibility of post-ICU PTSD symptom reduction is promising and provides yet another reason for physicians to minimizing sedation by employing a goaldirected approach to sedation [39] .
Alternative sedation strategies may offer an opportunity to attenuate post-ICU PTSD symptoms but are not the only in-hospital mechanism by which providers might influence long-term outcomes. Significant levels of distress immediately following critical illness may represent another target for intervention. High levels of anxiety and depression in the immediate post-ICU period appear to influence the presence of psychological distress in the months after hospital discharge [40] , and negative perceptions of the ICU experience at the time of hospital discharge have been associated with subsequent anxiety and depression [29] . Furthermore, acute stress symptoms (PTSD symptoms less than 1 month after the acute stressor) have been linked to increased severity of post-ICU PTSD and depression [15] . Efforts to address these symptoms need not wait until after hospital discharge, and investigations focusing on early intervention offer encouraging results. In a single-center observational study, clinical psychologists provided a variety of services to patients while still in the ICU, including counseling, psychological support, education, and strategies focused on coping with psychological distress [41] . Those not experiencing interaction with the clinical psychologists served as a ''control arm''. Comparison of these groups at 12 months after ICU discharge demonstrated significant reductions in scores on the IES-R among the psychological intervention group (32.1 ± 14.2 in the control group versus 27.2 ± 9.2 in the intervention group; P = 0.01) [41] . While this investigation focused on traumatically injured patients, these results suggest that survivors of critical illness may benefit from efforts to identify evidence of acute stress and provide psychological support prior to ICU or hospital discharge.
In addition to confronting psychological distress in the immediate aftermath of critical illness, continued efforts to address recall of the ICU experience over time are also important. Descriptions of patient memories reveal recollections of discomfort related to common elements of ICU care [42] and reports of pain, anxiety, and fear are common [43] . Frightening hallucinations and paranoid delusions that occur during a patient's ICU stay, likely in the context of delirium, may continue to haunt individuals well after their critical illness has resolved [44] . Though the presence of factual memories does not obviate the risk of post-ICU symptoms of PTSD [45] , evidence suggests that so-called delusional memories (i.e., memories of hallucinatory experiences and/or delusional events or thoughts during the ICU admission) place patients at higher risk of developing PTSD-related symptoms [30, 46, 47] . Minimizing the occurrence of delusional memories in the ICU poses a significant clinical challenge, and the limitations of current management strategies suggest that patients will continue to experience troubling recollections of the ICU. However, interventions focused on improving patient understanding of events occurring during critical illness have provided promising results.
Specifically, two investigations have focused on the role of diaries in the ICU as a method to reduce symptoms of post-ICU PTSD among survivors [48, 49] . Jones et al. [48] conducted a randomized trial involving creation of diaries with text and photographs, written in large part by the patient's bedside nurses but also including entries from family members and other healthcare providers. One month post-ICU, patients were either provided with their diaries and an explanation of the diary's contents or were required to wait, receiving the diary at 3-month follow-up.
Comparison of these groups revealed that at the 3-month evaluation, patients who received their diaries earlier were less likely to be diagnosed with PTSD [48] . Second, in a single-center study of medical-surgical ICU patients, Garrouste-Orgeas et al. [49] assessed the influence of ICU diaries on symptoms of post-ICU posttraumatic stress among both patients and their family members. Diaries written by family members, nurses, and physicians were provided to survivors at the time of ICU discharge and diaries were provided to relatives of non-survivors. For both patients and relatives, levels of posttraumatic symptoms as measured by the IES-R were lower at 12-month follow-up, when compared to pre-and postdiary controls [49] . ICU diaries have also been associated with reductions in related post-ICU psychiatric morbidities, including depressive and anxiety symptoms [50] . These investigations suggest that introduction and processing of factual information may be of significant benefit for survivors of critical illness.
Future directions for identification and management of post-ICU PTSD
Although the prevalence of and risk factors for PTSD after critical illness have been assessed in many studies, few have evaluated feasible ways to screen patients during or after critical illness for symptoms of posttraumatic stress [51, 52] . Importantly, screening tools developed for patient assessment should also be evaluated for post-ICU PTSD among family members of critically ill patients, another population with significant risk for psychiatric morbidity [53] [54] [55] . The development of screening tools to identify those at high risk for PTSD in the post-ICU setting represents an opportunity for future investigation and will be of increasing utility as additional studies investigate interventions focused on mitigating the development of post-ICU PTSD via effective and scalable interventions.
Current practice guidelines for the management of PTSD in the general population suggest that a variety of interventions may be beneficial, including cognitive behavioral therapy (particularly exposure-based therapies such as trauma-focused cognitive behavioral therapy) and pharmacologic treatment [56] . However, there is little information to inform best practices for long-term management of PTSD among ICU survivors and it is unknown if one or more of the aforementioned treatment strategies may be better suited to these patients. Recent investigations of coping and mindfulness techniques as approaches to managing psychological stress following ICU discharge have provided promising results [57, 58] . Qualitative evaluations of coping skills employed by medical professionals affected by the ICU environment may also provide insights into approaches to attenuate the development of PTSD [59] . These techniques may serve as important strategies to improve quality of life for a significant number of patients who survive critical illness, but until they can be further evaluated and implemented on a broader scale, patients will continue to rely on their outpatient providers for care in the post-ICU period. After hospital discharge, patients often return to providers who may be unfamiliar with the psychological distress that can follow treatment in the ICU. Primary care providers often manage mental health disorders [60] , and education regarding the common occurrence of PTSD after critical illness may help these providers recognize posttraumatic stress symptoms early so that effective treatment and appropriate referrals to specialists can be implemented. Patients at particularly high risk for post-ICU PTSD may benefit from care in clinics dedicated to the management of the myriad physical and psychological complications that occur among survivors of critical illness. This may include individuals with preexisting psychiatric illness or those who exhibit evidence of early post-ICU psychiatric symptoms.
Summary
Although prevalence estimates vary widely, PTSD appears to be common among ICU survivors and symptoms of Table 3 Posttraumatic stress disorder among ICU survivors: important insights and implications for clinical care PTSD is common following critical illness and symptoms may persists for months Recognition of non-modifiable risk factors is important to identify those at high risk of post-ICU PTSD Preexisting psychiatric illness should serve as a prompt to ensure close follow-up for psychiatric morbidity in the peri-ICU period Minimizing sedation in the ICU and addressing early post-ICU distress may attenuate subsequent symptoms of posttraumatic stress Physicians should target lighter levels of sedation in the ICU PTSD symptoms \1 month after the acute stressor should alert clinicians to those at high risk of severe psychiatric morbidity Efforts to educate and counsel patients about the ICU experience can reduce psychiatric morbidity Psychological support in the ICU may benefit high-risk patients Introduction of ICU diaries into routine clinical care may improve clinical outcomes for patients and their family members Future research is needed to inform best practices for identification and management of PTSD among ICU survivors There is need for a validated screening tool to identify those with significant psychiatric symptoms after ICU discharge Providers who care for patients after ICU discharge should be aware of common symptoms of PTSD Studies evaluating coping strategies and mindfulness techniques as interventions for post-ICU psychiatric morbidity are promising ICU intensive care unit, PTSD posttraumatic stress disorder posttraumatic stress can persist for many months after recovery from critical illness. With the assistance of a conceptual model that integrates known risk factors and current evidence regarding potential strategies to reduce symptoms of posttraumatic stress (Fig. 1) , the important implications for clinical practice can be appreciated (Table 3) . Additional study is necessary to improve understanding of salient risk factors, as is ongoing effort to develop methods of screening to identify patients at high risk for post-ICU PTSD. Until reliable and validated screening tools are developed, physicians should be aware of the potential risk factors for PTSD among ICU survivors. These may include non-modifiable risk factors that are present prior to ICU admission, such as preexisting psychiatric conditions or traumatic injury. Modifiable risk factors that exist during the patient's ICU stay may include frightening hallucinations, paranoid delusions, and episodes of extreme agitation. Medications administered in the ICU, particularly benzodiazepines, may play a significant role in pathogenesis of post-ICU PTSD, and minimizing sedatives seems to reduce the occurrence of PTSD symptoms without evidence of patient harm. Modifiable risk factors occurring in the early post-ICU period are also important. Psychological distress manifested by anxiety and/or acute stress symptoms is an important marker of post-ICU PTSD risk, warranting attention from providers caring for these patients before they are discharged from the hospital. Finally, the positive impact of interventions to provide patients with coping skills in the aftermath of critical illness and to enhance patient understanding of traumatic events offers promise for improving long-term management of PTSD among ICU survivors.
